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Abstract This study examines rainfall thresholds for
erosion and sediment yield in the upper Yangtze River
basin. Sediment reduction effects of soil conservation
measures depend on the magnitudes of rainstorm. When the
latter is less than a critical threshold, sediment reduction
effects of soil conservation measures are positive; when this
magnitude is exceeded, the effect is negative. An analysis
based on data from the Jialingjiang River shows that the
sediment reduction by soil conservation measures increased
with annual precipitation to a peak, and then decreased to a
negative value. The annual precipitation at the peak and
zero values of sediment reduction are 970 and 1,180 mm,
respectively, which can be regarded as two thresholds.
Annual precipitation at the zero-value of sediment reduc-
tion has a return period of 25 years. In general, the design
standard of soil conservation works in China is related with
rainstorms with return periods of 10–20 years. When the
magnitude of rainstorm exceeds this, the soil conservation
works may be partly or totally destroyed by rainstorms, and
the previously trapped sediment may be released, resulting
in a sharp increase in sediment yield. It was also found in
the lower Jinshajiang River that when annual precipitation
exceeds 1,050 mm or high-flow season precipitation
exceeds 850 mm, the annual sediment yield increased
sharply. These can also be regarded as key rainfall thresh-
olds for erosion and sediment yields. When precipitation is
less than the two thresholds, dominant erosion types are
sheet, rill and gully erosions. When precipitation crosses
the two thresholds, debris flows may occur more fre-
quently. As a result, the previously stored loose sediment
is released and sediment yield increases sharply.
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Introduction
Threshold phenomena related to erosion and sediment
yield have been an important topic in fluvial geomorphol-
ogy, at least since Schumm (1977). Many studies have
been devoted to the threshold controlling initiation of
gullies (e.g., Patton and Schumm 1975; Torri et al. 1987;
Montgomery and Dietrich 1994; Prosser and Abernethy
1996; Vandaele et al. 1996; Hu and Jin 1999; Van-
dekerckhove et al. 1998; Morgan and Mengomezulu 2003).
Thresholds in the inter-relations among precipitation,
vegetation and erosion have also been studied by many
researchers (e.g., Douglas 1967; Langbein and Schumm
1958; Walling and Webb 1983; Xu 1994, 2005). Reduction
of erosion and sediment yield induced by soil conservation
measures is an important research topic in China (Tang
1990; Meng 1996; Xu and Niu 2000; Ran et al. 2000;
Wang and Fan 2003a; Wang and Fan 2003b). However, so
far little attention has been paid to the influence of pre-
cipitation on soil conservation measures and the resultant
effect on sediment yield, especially to the possible rainfall
thresholds related to this.
In its wider meaning, soil conservation measures in
China include two types. The first is the measures for onsite
erosion control such as land terracing and tree- and grass-
planting. The second is the measures for off-site sediment
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retention such as check-dams and small sediment-trapping
reservoirs. Terrace land is basically a measure for reduction
of soil erosion, not for sediment retention. However, when
a terrace is built, both excavation and fill work are
involved, and loose soil is often filled near the terrace
ridges. The steeper the original land surface is, the more the
amount of filled, loose soil is store in the terrace land.
When large rainstorms occur and the terrace land ridges
collapse, the stored loose soil would be released, greatly
enhancing soil loss.
Among rainstorms, soil conservation measures and
erosion, three inter-actions occur: (1) rainstorms increase
erosion and sediment yield; (2) soil conservation measures
reduce erosion and sediment yield; and (3) rainstorms
damage soil conservation works, allowing release of pre-
viously trapped sediment. Consequently, there are three
possibilities. First, if the decrease of erosion induced by
soil conservation measures exceeds the increase of erosion
induced by rainstorms, erosion and sediment yield may
decrease. Second, if the increase of erosion induced by
rainstorm exceeds the decrease of erosion induced by soil
conservation measures, erosion and sediment yield may
increase. Third, large rainstorms destroy soil conservation
works, and previously trapped sediment is released,
resulting in a sudden increase in sediment yield. The first
possibility occurs frequently, and the reduction in erosion
and sediment yield is a common result after the practice of
soil conservation measures. The second and the third pos-
sibilities, which can occur only during large rainstorms, are
events with low probabilities. The third possibility leads to
the releasing of previously trapped large quantities of
sediment, often causing sediment-related disasters. Occur-
rence of the third case depends on the construction standard
of soil and water conservation works. This standard is
usually related to a design storm. In China, the design
standard for soil and water conservation works is usually
related with 10- or 20-year rainstorm or floods. For reser-
voirs, the design standard is related to stream discharge, if
hydrometric dada are available. If hydrometric dada are not
available, the stream discharge may be estimated based on
the 24-h rainstorm data with a return period of 10 or
20 years. For checkdams and terraced land, the design
standard is related 24-h rainstorm with return period of 10–
20 years. For those built by local peasants, the construction
standard is even lower and the failure of the works may be
more frequent.
The above discussion indicates that the effect of sedi-
ment reduction by soil conservation measures depends on
the magnitude of rainstorms. When a storm is smaller than
a certain magnitude, this effect is positive. If rainstorm
exceeds a certain magnitude, this effect may become
negative. The magnitude of rainfall related with the limit
between the positive and negative effects is an important
threshold. However, little research has been devoted to this
so far. The above hypothesis will be tested in the present
study, using field observations made in the Jialingjiang
River basin, China.
Another important issue in the study of erosion and
sediment yield in the upper Yangtze River basin is the
occurrence of debris flows and landslides in the western
fringe of the Sichuan Basin, especially in the lower Jin-
shajiang River basin. Sediment produced in this way makes
a large contribution to sediment load of the river. Occur-
rence of debris flows, associated with a sudden release of
the sediment previously stored in the drainage basin,
depends on some rainfall threshold condition. Most slope
failures are also triggered by rainstorms exceeding rainfall
thresholds. This will be dealt with in this study using data
from the lower Jinshajiang River basin.
Outline of study area and data source
With an area of 1.005 million km2 above Yichang, the upper
Yangtze River (Fig. 1) crosses the Qinghai-Tibet Plateau,
the Sichuan Basin and its surrounding mountains and the
Yunnan-Guizhou Plateau. The major sediment source area
is located in the transitional zones from the Qinghai-Tibet
Plateau to the Sichuan Basin. Based on the hydrometric data
from 1954 to 1979, water and sediment from different parts
of the upper Yangtze River basin have been analyzed. Yi-
chang station is the dividing point between the upper and
middle Yangtze River, controlling the flow and sediment
derived from the upper river. The drainage area of the lower
Jingshajiang River (with the Yalongjiang River basin
excluded) accounts for only 14.4% of the total area above
Yichang, and the water yield from this area accounted for
13.2% of the total at Yichang, but the sediment load
accounted for 39.4% of the total above Yichang. The
drainage area of the Jialingjiang River accounts for only
15.5% of the total area above Yichang, and the water yield
accounted for 14.7% of the total, but the sediment load
accounted for 30.5% of the total at Yichang. The mean
annual specific sediment yield (Ys) of the lower Jinshajiang
River basin and the Jalingjiang River basin was 1,401 and
1,005 t/(km2 years), respectively. Thus, these two areas are
considered as two major sediment source areas in the upper
Yangtze River basin, or areas with high specific sediment
yield. For other areas including the Yalongjiang, Minjiang,
Tuojiang and Wujing River basins, although accounting for
71.1% of the total area of the upper Yangtze River basin, the
mean annual sediment yield accounted for only 30.1% of
the total at Yichang. The erosion and sediment yield in the
two major sediment source areas have drawn attention from
many researchers (Xu 2000; Zhang and Wen 2002;
Hydrological Bureau 2002).
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The data of suspended sediment load in the period
1956–2000 used in this study are collected from Beibei
station on the Jialingjiang River and Pingshan station on
the Jinshajiang River, both are the end control station of
the river. The annual suspended load is used as annual
sediment yield of the river basin. The data of precipi-
tation are from the basic meteorological stations of
China that are managed by the Meteorological Bureau of
China, of which 12 stations are in the Jialingjiang River
basin and nine stations are in the lower Jinshajiang River
basin. The average of annual precipitation from these
stations is used as area-averaged precipitation for the
two river basins. The data of precipitation in high-flow
season (from June to October) are also involved. Sta-
tistical method is used for analyzing the data. The period
in which data are available is divided into two periods;
the first is the ‘‘baseline’’ period, i.e., the period without
soil conservation measures, and the second is the period
with soil conservation measures. Then, regression equa-
tions are established for the two periods, respectively,
based on which comparison is made to elucidate the
effect of the changing human activities on sediment
yield.
Results and discussion
Threshold in the relationship between sediment
reduction by soil conservation measures
and precipitation
The double-mass plot between cumulative annual sediment
yield at Beibei station and cumulative annual precipitation
in the Jialingjiang River basin shows an apparent break in
1983, in which the fitted straight line turns down (Fig. 2a).
This indicates that, for a given annual precipitation, annual
sediment yield has decreased since 1983. Thus, the period
1956–1982 is taken as the ‘‘baseline’’ period, and the
period 1983–2000 as the period with conservation mea-
sures. Figure 2b shows the relationship between annual
sediment load (Qs) at Beibei station and area-averaged
annual precipitation (P) in the Jialingjiang River basin,
with the points from the ‘‘baseline’’ period and the ‘‘mea-
sure’’ period differentiated using different symbols. The
regression equations for the two periods have been estab-
lished as follows:
For the period 1956  1982 : Qs ¼ 707:3e0:003P
n ¼ 27; r2 ¼ 0:5306; p\0:01  ð1Þ
For the period 1983  2000 : Qs ¼ 10:148e0:0066P
n ¼ 18; r2 ¼ 0:7289; p\0:01  ð2Þ
Using the above two equations, the difference in the
sediment yield for the ‘‘baseline’’ and the ‘‘measure’’
periods can be estimated, given the annual precipitation.
This difference may be regarded as the sediment reduction
induced by soil conservation measures. Draw a vertical line
at a given annual precipitation (P), intersecting the two
regression lines. The length of the line segment between
these two intersection points is the sediment reduction
induced by soil conservation measures at the given P.
Fig. 2b shows that the two regression lines are not parallel.
The slope for the line of ‘‘baseline’ period, 0.003, is gentler
than that for the ‘‘measure’’ period, 0.0066. They have an
intersection point; on the left side of this point, the
sediment reduction by soil conservation measures is
positive, and on the right, it is negative. At the
intersection point, the sediment reduction is zero. This
implies that the sediment reduction by soil conservation
measures depends on precipitation. According to formula
(1) and (2), the sediment reduction (DQs) induced by soil
conservation measures can be calculated by
DQs ¼ 707:3e0:003P  10:148e0:0066P ð3Þ
Fig. 1 A map of the Yangtze
River basin
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when P is given. Thus, DQs is a function of P. Using
formula (3), the annual DQs in the ‘‘measure’’ period has
been calculated and then plotted against P (Fig. 4). It is
seen that with the increase in precipitation, DQs increases
to a maximum, followed by a decline. Then the curve
intersects with the x-axis, and finally becomes negative. At
the maximum DQs, the annual precipitation has been cal-
culated as P = 970 mm, and at the point Qs = 0, as
P = 1,180 mm. These two values can be regarded as two
thresholds in the relationship between sediment reduction
effect of soil conservation measures and precipitation.
Starting in the 1960s, numerous reservoirs were built in
the Jialingjiang river basin. By the late 1980s, there were
4,542 reservoirs (Table 1), of which 4,037 are in the small
size category (II), with total storage capacity of 1,084
million m3. The design standard for small size (II) reser-
voirs is low; they are designed in terms of 10- or 20-year
rainstorm floods. If floods occur larger than this magnitude,
these reservoirs may be at risk. If the dam collapses, the
previously trapped sediment above dam will likely be
released. As a result, sediment load of the river may
suddenly be increased. After 1988, large size soil and
water conservation has been practiced in the Jialingjiang
River basin. During the period from 1989 to 1996, in
the middle and lower Jialingjiang River basin, the area
where soil conservation measures were implemented was
10,129.6 km2, accounting for 16% of the total area with
soil loss (63,197.2 km2). In the upper River basin, the area
where soil conservation measures were implemented was
(10,776.3 km2), accounting for 41% of the area with soil
loss (26,278.7 km2) (Shi 1998).
Conservation measures that combine engineering, veg-
etation and farming techniques were carried out. The
engineering measures include land terracing for reduction
of soil erosion and checkdam and sedimentation basins.
The vegetation measures include reforestation, grass plat-
ing and aforestation of cropland. The cultivation measures
aiming at soil conservation include contour farming, agro-
forestry, and land mulching by straw, etc. Up to 1996, the
completed measures included 174,900 ha of land terracing
(Fig. 3a), 533,900 ha of reforestation, 226,500 ha of fruit
and other economic trees planted, 96,500 ha of grass
planted, 585,700 ha of hillside aforestation and 518,700 ha
of farm land with soil-loss-control oriented cultivation
measures. A large number of small water storage woks,
silting works and sediment trapping works were completed,
including 70,793 ponds (Fig. 3b), 3,828 silt trap dams
(Fig. 3c), 94,998 water depots, 9,679 km of sediment
trapping trenches and 1,567,756 silt traps, with total earth-
and stone-work of 195.5927 million m3 excavated
(Hydrological Bureau, the Yangtze River Water Conser-
vancy Commission 2002). After 6 years, bare hillslope
land was reduced by 79.2%, and the vegetation (i.e., tree
and grass) cover increased from 20.8 to 41%. The area of
cultivated sloping land was reduced by 36.6%, of which the
area of cultivated land with steepness larger than 25 was
reduced by 77%. The percentage of area with soil erosion
decreased from 64.9 to 36.3% (Shi 1998). The practice of
soil and water conservation has significantly reduced sed-
iment yield of the Jialingjiang River basin. The design
standard of engineered soil erosion control works, as
mentioned earlier, is typically only 10–20 years. Limited
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Fig. 2 Relationship between annual sediment load at Beibei station
and area-averaged annual precipitation in the Jialingjiang River basin
Table 1 Reservoirs in the upper Yangtze River basin (Experts Group on Sediment Issues of the Three Gorges Project 2002)
Drainage area Total Large sized Medium sized Small sized (I) Small sized (II)
Number Capacity
(108 m3)
Number Capacity
(108 m3)
Number Capacity
(108 m3)
Number Capacity
(108 m3)
Number Capacity
(108 m3)
Jialingjiang R. 4,542 36.10 3 21.50 50 13.91 452 10.22 4037 10.84
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by costs and stone sources, stone-supported terrace land is
not extensive, and most of the terraces are earthen. When
rainstorms are small and moderate, soil conservation and
sediment retention works can result in good sediment
reduction effect. However, when rainstorms exceeding the
design standard occurs, some of these works may be
damaged. In that case, previously intercepted sediment
may be released in short time, and the sediment yield may
be greatly increased. The sediment so produced exceeds the
sediment yield during comparable rainstorms before the
construction of soil and water conservation works.
The cause for the trend of DQs varying with P can be
explained as follows. When annual precipitation is low,
sediment yield may also be low, even without conservation
measures. Hence, at low levels of P, the sediment reduction
effect of soil conservation measures is minimal, and DQs is
low. With the increase in P, sediment reduction effects of
soil conservation measures increase. However, there is
some limit for this increase. With the increase in P, erosion
and sediment yield increases due to the increased P. In the
meantime, the sediment reduction effect of soil conserva-
tion measures also increases. The actual variation in DQs
depends on the balance between the effects of the above
two factors. On the limb of the curve left to the maximum
DQs, with the increased precipitation, the increase in ero-
sion and sediment yield is less than the sediment reduction
by soil conservation measures, and thus, DQs increases.
After the maximum DQs is reached, the increase in erosion
and sediment yield due to increased precipitation exceeds
the sediment reduction by soil conservation measures, and
thus, DQs decreases. In the drainage basin of the
Jialingjiang River, there are huge quantities of sediment
storage. In natural conditions, the sediment storage
includes colluvium, alluvial fans and floodplains. Since
implementation of soil conservation measures, the sedi-
ment storage also includes the sediments trapped by
reservoirs, check dams and terraced land. When the mag-
nitude of rainstorms exceed design standard, the soil
conservation works are at risk. When a rainstorm of large-
magnitude, long-duration and large areal coverage occur,
many soil conservation works might be destroyed, and the
huge quantities of previously trapped sediment would be
released. At the same time, the sediment storage in collu-
vim, alluvial fans and floodplains may also be remobilized,
and debris flows and mass wasting may be triggered. All
these processes can result in higher Qs. The 1998 large
flood in the Jialingjiang River is an example for this.
Annual precipitation of 1,180 mm may be regarded as a
threshold. Annual precipitation larger than 1,180 is usually
associated with the occurrence of large rainstorms during
those years, which may result in negative values of DQs
(Fig. 4).
Thresholds of precipitation may also be expressed in
terms of rainfall frequency. Rainfall characteristics
described in terms of frequency can be used for comparison
between different drainage basins. Based on data from
1956 to 2000, the frequency (Fp) of area-averaged annual
precipitation in the Jialingjiang River basin was calculated
for each year. Then, the annual sediment yield at Beibei
station has been plotted against Fp in Fig. 5, with the
points from the ‘‘baseline’’ and the ‘‘measure’’ periods
Fig. 3 Photographs of terrace land (a), pond (b) and silt trap dam (c)
(from Yangtze River water Conservancy Commission 1992)
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differentiated using different symbols. The regression
equations are given for these two periods. The slope of the
regression line for the ‘‘baseline’’ period is gentler than that
for the ‘‘measure’’ period, and the distance between the two
straight lines increases with the increased frequency of
area-averaged annual precipitation. Since this distance
reflects the sediment reduction induced by soil conserva-
tion measures, it shows that DQs decreases with the
increased Fp. Based on the two regressions given in Fig. 5,
DQs can be expressed by the following equation:
DQs ¼ 707:3e0:003Fp  10:148e0:0066Fp ð4Þ
Using formula (4), the annual DQs in the ‘‘measure’’ period
(1983–2000) has been calculated and then plotted against
Fp (Fig. 6). With an increase in precipitation, DQs increa-
ses to a maximum, followed by a decline. Then, the curve
intersects with the x-axis, and finally becomes negative. At
the maximum DQs, Fp = 0.50, and at the point DQs = 0,
Fp = 0.04. These two values can be regarded as two
thresholds in the relationship between sediment reduction
effect of soil conservation measures and precipitation fre-
quency. Fp = 0.50 means that the annual precipitation
occurs once every 2 years. The return period of rainstorms
for design of soil conservation works is often adopted as
10–20 years, i.e., Fp = 0.1 or 0.05. If annual precipitation
occurs with a frequency lower than this, during which large
rainstorms are likely to occur, soil conservation works
would be damaged, and the previously trapped sediment
released, leading to negative values of DQs.
The foregoing analysis is based on mean annual pre-
cipitation data, not on high-flow season rainfall data. This
is because high-flow season precipitation is well related to
mean annual precipitation (Fig. 7a), and in wet years
smaller storms may produce greater runoff (as compared
to the same storm in a dry year) due to antecedent
moisture conditions, and thus greater erosion. Logically,
erosion and sediment yield in high-flow seasons is more
dependent on high-flow season rainfall. Figure 7b shows
the relationship between annual sediment load at Beibei
station and area-averaged June–October precipitation in
the Jialingjiang River basin, with the points from two sub-
periods (i.e., 1956–1982 and 1983–2000) are distin-
guished and fitted by different straight lines. This figure is
quite similar to that shown in Fig. 2b, wherel mean
annual precipitation is used. The two straight lines have
an intersection point; on the left side of this point, the
sediment reduction by soil conservation measures is
positive, and on the right, it is negative. At the intersec-
tion point, the sediment reduction is zero. The June–
October rainfall at this point is 900 mm.
The threshold phenomenon is not unique in the Ji-
alingjiang River basin. It is also occurs in the upper Huaihe
River basin. Due to the practice of soil conservation
measures, sediment yield has decreased since 1990. Thus,
the period 1956–1990 is taken as the ‘‘baseline’’ period,
and the period 1991–2002 the ‘‘measure’’ period. Figure 8
shows the relationship between annual sediment yield and
annual flow at Xixian station, the most downstream control
of the upper Huaihe River. The regression equations for the
‘‘baseline’’ and ‘‘measure’’ periods are established as
follows:
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1956  1990 : Qs ¼ 0:4308Q1:7311w
n ¼ 34; r2 ¼ 0:8721; p\0:01  ð5Þ
1991  2002 : Qs ¼ 0:0085Q2:6252w
n ¼ 12; r2 ¼ 0: 8828; p\0:01  ð6Þ
Using the above two equations, the difference in annual
sediment yield with comparable annual flow conditions can
be estimated. The regression lines for the two periods are
not parallel, and the slope for the ‘‘baseline’’ period is
gentler (1.7311) than that for the ‘‘measure’’ period
(2.6252). The two straight lines intersect; on the left side
of the intersection point, the sediment reduction induced by
soil conservation measures is positive, and on the right
side, it is negative. This indicates that the sediment
reduction effect of soil conservation measures depends on
annual flow Qw. As annual flow is closely correlated with
annual precipitation, the curve in Fig. 8 reflects the
influence of annual precipitation on annual sediment
yield. Based on the two regressions given in Fig. 8, DQs
can be expressed by the following equation:
DQs ¼ 0:4308Q1:7311w  0:0085Q2:6252w ð7Þ
Using formula (7), the annual DQs in the ‘‘measure’’ period
(1991–2002) has been calculated and then plotted against
annual flow (Fig. 9). It is seen that with the increase in
annual flow (Qw), DQs increases to a maximum, followed
by a decline. Then, the curve intersects with the x-axis, and
finally becomes negative. At the maximum DQs, Qw = 48
9 108 m3, and at the point DQs = 0, Qw = 80 9 10
8 m3.
These two values can be regarded as two thresholds in the
relationship between sediment reduction effect of soil
conservation measures and annual flow. Based on river flow
data in the period 1956–2002, the frequency (Ff) of annual
river flow has been calculated for each year. Then, it is
determined that the Ff at the maximum DQs is 0.31, roughly
once every 3 years; and the Ff at DQs = 0 is 0.033, roughly
once every 30 years. It may be thought that the frequencies
of annual precipitation corresponding to these two fre-
quencies of river flows are approximately the same, once
every 3 years and once every 30 years, respectively.
Threshold in the relationship between sediment yield
and precipitation in the lower Jinshajiang River basin
In the upper Jingshajiang River basin, another major sed-
iment source area in the upper Yangtze River basin,
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sediment is derived mainly from the drainage area between
Panzhihua and Pingshan. This area accounts for only 7.8%
of the total area of the upper Yangtze River above Yichang,
but the annual sediment yield from this area accounts for
35.5% of the total annual sediment yield at Yichang station
(Cai 1998). Along the 782 km channel from Panzhihua to
Pingshan, 258 debris flow gullies directly empty to the
Jinshajiang River channel. Six hundred and eighty-seven
landslides and slumps are observed near the channel, and
the volume of the deformed soil body of these landslides
and slumps totals 3.1 billion m3 (Cai 1998). Thus, the well-
developed debris flows and active landslides and slumps
are the major contributor of sediment to the sediment yield.
This particular condition of sediment supply results from
some threshold phenomena in the relationship between
sediment yield and precipitation.
Figure 10 shows the relationship between annual sedi-
ment yield (Qs) at Pingshan station and area-averaged
annual precipitation (P) in the lower Jinshajiang River
basin, and positive correlation can be seen as an overall
trend. The rate at which Qs increases with P (i.e., the slope
of the fitted line) varies with P. When P \ 1,050 mm, this
rate is relatively low; when P [ 1,050 mm, this rate
increases rapidly. Thus, the relationship in Fig. 10 can be
fitted by two straight lines with different slopes. As the
occurrence of debris flows and landslides and slumps
depends more on precipitation during high-flow months,
which are from June to October. Figure 11a shows close
correlation between June and October rainfall and mean
annual precipitation, and thus, the latter may be used to
reflect the latter. The relationship between Qs and the
annual area-averaged high-flow season precipitation (Ph)
has been plotted in Fig. 11b. Similarly, the points can be
fitted using two straight lines with different slopes, and the
precipitation at the break is Ph = 850 mm. It can be seen
that the distribution of points in this figure is more con-
centrated than that in Fig. 10.
Figures 10 and 11 shows that when P becomes larger
than 1,050 mm or Ph larger than 850 mm, annual sediment
yield of the lower Jinshajiang River basin increase sharply.
After crossing these thresholds, the opportunity for occur-
rence of large rainstorms may increase rapidly. Large
rainstorms trigger debris flows, thereby huge quantities of
sediment previously stored in the drainage basin are
released to the river, and sediment yield increases sharply.
Hence, the breaks in Figs. 10 and 11b are thresholds in the
relationship between sediment yield and precipitation in
the lower Jinshajiang River basin. When precipitation is
lower than the threshold value, erosion and sediment pro-
ducing processes are dominated by flowing water, the
dominant processes are sheet, rill and gully erosions. After
the threshold is crossed, erosion and sediment producing
processes are dominated by gravitation, and the dominant
processes are debris flow and mass movement, by which
huge quantities of loose, previously stored sediment can be
released to the river during short times, resulting in sharp
increase in sediment load of the lower Jinshajiang River.
Conclusions and discussion
In the upper Yangtze River basin. Sediment reduction effect
of soil conservation measures depends on magnitudes of
0
10000
20000
30000
40000
50000
60000
700 800 900 1000 1100 1200 1300
Area-avergaed annual precipitation (mm)
01(
 da
ol
 t
ne
mides
 l a
u
n
n
A
4
)t
Pingshan station on Jinshajian River
Fig. 10 Relationship between annual sediment load at Pingshan
station and area-averaged annual precipitation in the upper Jinshaji-
ang River basin
y = 0.8468x - 39.486
R2 = 0.7878
400
500
600
700
800
900
1000
1100
1200
700 800 900 1000 1100 1200 1300
Area-avergaed annual precipitation (mm)
n
oitatipicerp
 reb
otc
O
-e
n
uJ
 deagre
va
-aer
A
)
m
m(
Lower Jinshajiang River basin (a)
0
10000
20000
30000
40000
50000
60000
500 600 700 800 900 1000
Area-average high-flow season precipitation (mm)
01(
 da
ol
 t
ne
mides
 la
u
n
n
A
8
)ry/t
Pingshan station on Jinshajiang River (b)
Fig. 11 a Relationship between area-averaged June–October rainfall
and annual precipitation in the upper Jinshajiang River basin. b
Relationship between annual sediment load at Pingshan station and
area-averaged high-flow season precipitation in the upper Jinshajiang
River basin
1190 Environ Geol (2009) 56:1183–1192
123
rainstorm. When the rainstorm is less than the threshold,
sediment reduction effects of soil conservation measures
are positive; when this magnitude is exceeded, this effect
becomes negative. The rainfall magnitude corresponding
with the limit between the positive and negative is an
important threshold. An analysis based on data from the
Jialingjiang River shows that the sediment reduction by soil
conservation measures increased with annual precipitation
to a peak, and then decreased to a negative value. The
annual precipitation at the peak and zero values of sediment
reduction are 970 and 1,180 mm, respectively, which can
be regarded as two thresholds. The frequency of annual
precipitation at the zero-value of sediment reduction is
F = 0.04, relating with a return period of 25 years. In
general, the design standard of soil conservation works is
related with rainstorms with return periods of 10–20 years.
When the magnitude of rainstorm exceeds this, during
which large rainstorms are likely to occur, the soil conser-
vation works may be destroyed by the rainstorms, and the
previously trapped sediment may be released, resulting in a
sharp increase in sediment yield.
It was also found in the lower Jinshajiang River that
when annual precipitation exceeds 1,050 mm or high-flow
season precipitation exceeds 850 mm, the annual sediment
yield increased sharply. They can also be regarded as
rainfall thresholds for erosion and sediment yields. When
precipitation is less the two thresholds, dominant erosion
types are sheet, rill and gully erosions. When precipitation
crosses the two thresholds, erosion by debris flows may
become dominant. As a result, the previously stored loose
sediment is released and sediment yield increases sharply.
The results of this study have some practical implica-
tions. There is close relation between the two types of soil
conservation measures. If on-site erosion control is
enhanced, the amount of sediment supplied to check-dams
and sediment-trapping reservoirs would be reduced, and
thus, the lifespan of the later would be increased. If the
design standard for erosion control and sediment retention
measures becomes higher, the constructed terrace land,
check-dams and sediment-trapping reservoirs may be pro-
tected against larger rainstorm or flood, and the event
frequency at which the failure occurs may be lower.
Therefore, the rainfall-related thresholds in Figs. 2b and 7b
will move to the right. However, the expense may be
greatly increased, a factor that should be considered when
the investment is limited. We also need to consider the
balance between the two types of soil conservation mea-
sures. If more emphasis is given to on-site erosion control
to reduce soil productivity losses, and little attention is paid
to off-site sediment retention, the sediment reduction for
rivers may not be significant because the less turbid runoff
from the well-controlled slope-land would erode the pre-
viously stored sediment in the drainage basin and transport
the derived sediment to the river. If more emphasis is given
to off-site sediment retention, the sediment to the river can
be rapidly reduced, but the objective for reducing soil
productivity losses cannot be realized fully. Moreover, the
restored sediment above the check-dams and sediment-
trapping reservoir may be released when a low frequency,
high magnitude rainstorm occurs. Hence, we should con-
sider the long-term tradeoff between net sediment
reduction on one side of the threshold, and occasional
catastrophic sediment release on the other, and some
optimized planning is needed.
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